ABSTRACT -This seminar discusses the history and development of techniques for surgical intervention for people with refractory focal epilepsy. Published surgical success rates and prognostic factors associated with post-operative seizure freedom from individual studies have been variable and contradictory. We present here the key findings of a Cochrane systematic review of all evidence published since the introduction of magnetic resonance imaging (MRI) to pre-operative surgical assessment in 1984. Our findings show the usefulness of uncontrolled case series is now past. Future studies with a prospective controlled design should focus on specific research questions to help improve results and provide better-informed advice.
Epilepsy is a common condition with a prevalence of around 1 in 200 people (Fisher et al., 2014) . Despite optimal pharmacotherapy, about 20% to 30% of individuals do not become seizure-free (Kwan and Brodie, 2000) . For some, surgery is a therapeutic option. Focal seizures originate within networks limited to one hemisphere, which may be discretely localized or more widely distributed. They may originate in subcortical structures . The number of individuals with focal epilepsy who do not become seizure-free despite optimal drug therapy varies according to the age of the participants and which focal epilepsies are included, but has been reported as at least 20% and in some studies up to 70%.
Where the origin of the seizures can be localised discretely, surgery is a valid option if the potential benefit is assessed to outweigh the risk (Kwan and Brodie, 2000) . Victor Horsley pioneered surgery as a treatment for epilepsy (Feindel et al., 2009) . In 1886, he operated on a 22-year-old man who had developed focal epilepsy following a head injury. A vascular scar was excised along with a border of cortex that resulted in cessation of the seizures. Until the 1940s, surgery was directed mainly to the convexity of the cerebral hemispheres, most often for the removal of traumatic scars and tumours. Subsequently many other causes of focal epilepsy have been discovered which are also amenable to surgery. S. West, et al. Surgical techniques have been refined over the years with the development of advanced methods of pre-operative assessments, such as electroencephalography (EEG) in the 1930s, computerized tomography in the 1970s, magnetic resonance imaging (MRI) in the 1990s, as well as computerised analysis of ictal and interictal EEG activity, functional MRI with psychometric analysis, and ever more sophisticated stereotaxis guiding the placement of deep electrodes for long-term EEG analysis and surgical intervention. Most recently, these techniques have been complemented by the co-registration of single photon emission computed tomography (SPECT) and positron emission tomography (PET) findings. This approach has led to more opportunity for the accurate assessment of any person with drug-resistant focal epilepsy and thus more opportunity for a surgical cure. They have also led to more precise localization of the epileptogenic focus allowing for the removal of the minimal amount of tissue, leading to a reduction in post-operative neurological deficits. People began paying attention to the function of the areas of the brain to be excised, becoming aware of deficits inflicted despite a cure of the epilepsy. Notably, it became clear that resection of the anteromesial structures of the temporal lobe produced short-term memory impairment. Neuro-psychological assessments have now become an important aspect of a surgical work-up. Success rates for resective epilepsy surgery are estimated to have increased from 43% to 85% during the period 1986 to 1999 (National Institutes of Health Consensus Conference, 1990; Engel Jr et al., 2003) . Data from multiple sources suggest that 55% to 70% of individuals undergoing temporal resection and 30% to 50% of individuals undergoing extratemporal resection become completely seizurefree. Surgery is considered a valuable option for medically intractable epilepsy, even in the absence of proven drug resistance (Engel Jr and Shewmon, 1993) . Although it is known that surgical outcomes may be greatly influenced by the presence of selected prognostic indicators (Tonini et al., 1997; Berg et al., 1998) , it is still uncertain which people with a focal epilepsy are most likely to achieve good surgical outcomes. Good surgical outcomes appear to be associated with a number of factors (hippocampal sclerosis, anterior temporal localisation of interictal epileptiform activity, absence of pre-operative generalised seizures, and absence of seizures in the first postoperative week) (McIntosh et al., 2001) . However, the published trial results are frequently confusing and contradictory, thus preventing inferences for clinical practice. We therefore performed the first Cochrane systematic review to investigate the association between specific prognostic factors and surgical outcome (West et al., 2015) .
What were the objectives of the Cochrane Review (West et al., 2015) ?
The primary objective of the review was to assess the proportion of individuals achieving a good outcome from surgery and the prevalence of unwanted effects. The secondary objective was to identify prognostic factors which were correlated with the outcome of surgery. The prognostic factors of interest in this review were: -Pre-operative Factors We included studies of a randomised, cohort, case control or case series design with an expected duration of follow-up of at least one year, recruiting a sample of surgical candidates of any age with a drug-resistant epilepsy. For inclusion, at least 90% of patients had to have had pre-operative MRI (some studies were completed in the era of computerised tomography) and studies had to report on a group of at least 30. Studies must also have reported an outcome relating to remission of seizures after surgery for inclusion; see was also performed as a sensitivity analysis if considerable heterogeneity was present in statistical analysis (I 2 greater than 50%) (Higgins and Green, 2011) .
What were the findings of the Cochrane review (West et al., 2015)?
Study design and quality
In total, 177 studies with 16,508 patients undergoing surgery were identified as eligible for the Cochrane review (see West et al. [2015] for the list of included studies). Four studies of a prospective randomised design were included; three randomising the type or length of surgical resection and one randomising patients to surgery or antiepileptic drug treatment. Liang et al. [2010] ) in terms of seizure freedom at one or two years, respectively. The remaining studies were non-randomised; 17 were prospective and the remaining 156 were retrospective or of unclear design. None of these studies included a control group for the surgical intervention group. See table 2 for details of all study characteristics. Quality was assessed for all included studies using the Cochrane Risk of Bias tool (Higgins and Green, 2011) for randomised studies and the Effective Public Health Practice Project (EPHPP) tool (Thomas et al., 2004) for non-randomised studies. Criteria considered were study design, presence of blinding, selection bias, confounding data collection, incomplete outcome data, intervention integrity and analysis. The majority of studies were judged to be of moderate or weak quality due to non-randomised design. This poor quality must be taken into account when interpreting the results of the Cochrane Review.
Surgical outcome and relation to prognostic factors
In total, 10,518 patients (65%) out of 16,253 contributing to the analysis achieved a good outcome of surgery (table 2) . Outcome of surgery, according to the presence of the prognostic factors of interest, is summarised in table 3. Presence of mesial temporal sclerosis or tumour on pathology, concordant pre-operative MRI and EEG, history of febrile seizures, unilateral interictal spikes, and complete surgical resection were shown to be independent predictors of a good outcome of surgery, while normal pre-operative MRI, the need to use pre-operative invasive monitoring, presence of focal cortical dysplasia, or malformation of cortical development on pathology and left-sided resection were shown to be independent predictors of poor outcome of surgery. History of head injury, presence of encephalomalacia, or vascular malformation on pathology and post-operative epileptiform discharges were not shown to be independent predictors of seizure outcome.
Safety of surgical resection
The reporting of adverse events was inadequate, with only 74 out of the 177 included studies (42%) reporting on mortality and morbidity following epilepsy surgery. Adverse events were recorded for 1,308 (14%) of the 9,512 participants involved in these 74 studies. treatment's success should be defined by sustained freedom from seizures, as that is the only efficacy outcome consistently associated with improved quality of life (and in the UK, the only efficacy outcome that allows a patient to drive legally). This justifies our focus on at least 12 months' seizure freedom in this review.
We found the reporting of related adverse events to be sparse and very poor; complications and/or surgery-related deaths were reported in less than half of included studies, often lacking specific detail of the nature and consequence of the event (transient or permanent) and the timing of events. Few studies contained any reference to postoperative cognition or mental state. From the data available, the message for the clinician when consulted by a person with intractable epilepsy, is clear. If selection criteria are met, there is a 1 in 11 chance of improvement with the next antiepileptic drug and a 2 in 3 chance of improvement with surgery. Furthermore, we have observed that, overall, the surgical procedures have a low complication rate. This 1 Risk ratios in italics are statistically significant. Risk ratio greater than 1 indicates the presence of the factor is associated with a good outcome of surgery and risk ratio less than 1 indicates the presence of the factor is associated with a poor outcome of surgery (i.e. absence of the factor is associated with a good outcome of surgery).
is in line with other reports showing that less than 5% of patients have permanent post-operative neurological deficits secondary to accidental damage of central nervous system (CNS) tissue (Engel Jr, 1996; Engel Jr et al., 2003) . The percentage adverse event prevalence of 7.3% is highly likely to be an overestimate of the prevalence of permanent neurological deficit, as many studies did not record which events were only transient and more than one event could be recorded in the same person. We should emphasise that very few studies addressed the important issue of formally reassessing any postoperative impairment of cognition, speech and language, social functioning, or altered mental state (all linked to quality of life). This aspect should be written into future research protocols. The extent of resection was the strongest determinant of outcome in our review, particularly with extratemporal surgery. The dilemma for the surgeon is that larger areas of resection are likely to be associated with a higher complication risk. The extent of resection is affected by the underlying pathology, the site of surgery, and the development of investigational and surgical procedures. The good outcome associated with the presence of abnormal MRI is expected and probably largely reflects There is a strong association between MTS and a history of febrile seizures. The term "mesial temporal sclerosis" as an alternative to "hippocampal sclerosis" was introduced in recognition of the frequent involvement of mesial limbic structures adjacent to the hippocampus. Neocortical neuronal loss and gliosis (temporal lobe sclerosis [TLS]) was studied by Thom et al. (2009) , who identified TLS in 30 of 272 surgically treated cases of hippocampal sclerosis. There was a history of a febrile seizure as an initial event in 73% of patients with TLS compared with 36% without TLS. Febrile status was seen in 27% of the febrile seizures. The changes of TLS may be due to an enhanced vulnerability of superficial cortical neurons in maturing neocortex, from an early cerebral event in a small group of children. The good outcome associated with a history of febrile seizures can be interpreted in the light of its association with a mesial temporal sclerosis being a more readily selectable lesion. EEG/MRI concordance is correlated with a better surgical outcome, although it is clear that results will depend very much on the mix of pathologies underlying the epilepsy. Studies containing a large number with discrete lesions, such as tumours, are likely to show more concordance and a better outcome than studies with a predominance of less discrete lesions, as can be the case with many neurodevelopmental abnormalities.
The need for intracranial monitoring itself implies that there is uncertainty in the location and extent of an epileptogenic zone, often accompanied by indeterminate neuroimaging. The association between the need for intracranial monitoring and a poor outcome is therefore not surprising. In these cases, fewer than 50% may become seizure-free, postoperatively. Poor localisation is also reflected in the fact that participants with unilateral interictal spikes are significantly more likely to achieve a good outcome of surgery than participants with bilateral interictal spikes. The persistence of postoperative discharges is likely to reflect these very same issues. There are units that will reoperate very quickly when postoperative discharges are identified. The heterogeneity of our results does not allow us to support this approach. It is but one example of how properly conducted research should, in the future, help determine the appropriate care pathway (see below).
There are limitations to this review. These include the fact that studies report different criteria for seizure outcome and a variable length of follow-up, and have retrospective designs that increase the risk of bias in data collection. In addition, variables that could affect outcome were examined mostly in univariate analyses without considering the effects of other prognostic features or confounders. Despite these limitations, our results provide some clinical guidance for the selection of the best surgical candidates. The criteria adopted to identify the indications and the applications of epilepsy surgery are constantly evolving. Continuing attempts need to be made to define patient and procedure-related prognostic indicators. We do feel that further studies with a prospective design are needed to help improve results and hence provide better-informed advice. It seems that the usefulness of yet another uncontrolled case series is now past. For the future, the primary outcome measure for intervention studies ought to be seizure freedom at set time points with a minimum of one year of follow-up. Assessment should be blinded and linked to quality of life measurement. The design should be a randomised controlled trial, appropriately powered with a focus on specific research questions that remain as unanswered today by this large body of literature as they did when Victor Horsley helped the young Scot in 1886.
There are many questions to answer but they should address the issues of extent of resection for temporal and extratemporal lesions, the definition of care pathways for the most cost-efficient and effective preoperative selection, intervention for non-lesional focal epilepsy, bilateral and postoperative spikes, and when to tail antiepileptic drugs, among many others. Clear data on risks (adverse events, their nature, and timing), as well as benefits, should always be recorded.
Protocols should include pre-and postoperative measures of speech and language, cognition and social functioning, along with a mental state assessment. There will be methodological difficulties and adequate powering will require multi-centre approaches. Improvements in the development of cancer care over the past three to four decades have been achieved by answering well-defined questions through the conduct of focused RCTs in a step-wise fashion. The same approach to surgery for epilepsy is required.
